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Description 

METHOD AND SYSTEM FOR ASSESSING A 
REFRIGERANT CHARGE LEVEL IN A 
VEHICLE AIR CONDITIONING SYSTEM 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method and a system 
for assessing a level of refrigerant charge in a vehicle air 
conditioning system. 

[0003] 2. Background Art 

[0004] vehicle air conditioning systems must have an adequate 
amount or "charge" of refrigerant to effectively cool vehi- 
cle occupants. This refrigerant charge is provided during 
vehicle assembly operations or after the air conditioning 
system is serviced. 

[0005] Previously, technicians determined whether the refrigerant 
charge was adequate by turning on the air conditioning 
system and manually feeling the temperature of the air 



blown into the vehicle passenger compartment. Such sub- 
jective assessments were inaccurate, unreliable, and 
lacked repeatability. Moreover, inaccurate refrigerant 
charge assessments result in ineffective air conditioning 
performance, customer complaints, and increased war- 
ranty and repair costs. 
[0006] Before applicant's invention, there was a need for a 

method and a system for quickly assessing the level of re- 
frigerant charge in a vehicle air conditioning system and 
to do so in an accurate and repeatable manner. Problems 
associated with the prior art as noted above and other 
problems are addressed by Applicant's invention as sum- 
marized below. 
Summary of Invention 

[0007] According to one aspect of the present invention, a sys- 
tem for assessing a refrigerant charge level in a vehicle air 
conditioning system is provided. The system includes a 
first sensor for providing a cooled air temperature signal, 
a second sensor for providing an ambient air temperature 
signal, a third sensor for providing an ambient air humid- 
ity signal, and a fourth sensor for providing a compressor 
cycling signal. A processing unit is used to determine a 
level of refrigerant charge as a function of the signals 



from the first, second, third, and fourth sensors. An indi- 
cator indicates that the level of refrigerant charge is ac- 
ceptable if the level of refrigerant charge is greater than a 
threshold value. A second indicator may indicate that the 
level of refrigerant is unacceptable. 

[0008] The first and second sensors may be temperature sensors. 
The third sensor may be a humidity sensor. The first, sec- 
ond, and third sensors may be disposed apart from the 
vehicle. Alternately, at least one of the sensors selected 
from the group consisting of the first, second, and third 
sensors may be disposed on the vehicle. 

[0009] The third sensor may be disposed on the vehicle and con- 
nected to an air conditioning control module that controls 
a cooled air temperature provided by the vehicle air con- 
ditioning system. 

[0010] The fourth sensor may be a voltage sensor. The fourth 
signal may be provided by a powertrain control module 
mounted on the vehicle that controls engagement of a 
compressor clutch. 

[001 1] According to another aspect of the invention, a method 
for assessing a level of refrigerant charge in a vehicle air 
conditioning system is provided. The vehicle air condi- 
tioning system includes a refrigerant subsystem having a 



compressor adapted to circulate a refrigerant and an air 
handling subsystem for providing air cooled by the refrig- 
erant subsystem to a vehicle passenger compartment. A 
control module is adapted to receive first, second, third, 
and fourth signals indicative of a cooled air temperature, 
ambient temperature, ambient air humidity, and cycling of 
the compressor, respectively. 

[0012] The method includes the steps of calculating a refrigerant 
charge value indicative of an amount of refrigerant in the 
vehicle air conditioning system as a function of the first, 
second, third, and fourth signals. The refrigerant charge 
value is compared to a threshold value indicative of a de- 
sired refrigerant charge amount. If the refrigerant charge 
value is greater than the threshold value, the system sig- 
nals that the level of refrigerant is acceptable. 

[0013] The first signal may be provided by a temperature sensor 
disposed near a vent aperture in the air handling subsys- 
tem. The first and fourth signals may be sampled more 
frequently than the second and third signals. 

[0014] According to another aspect of the invention, a method of 
assessing a level of refrigerant charge in an air condition- 
ing system disposed in a vehicle is provided. The vehicle 
includes an engine, a compressor adapted to be driven by 



the engine, and a duct. The compressor has a clutch and 
is adapted to circulate a refrigerant to provide a cooling 
effect when the clutch is engaged. The duct provides air 
cooled by the refrigerant to a vehicle passenger compart- 
ment. A first signal indicative of a cooled air temperature, 
a second signal indicative of an ambient air temperature, 
a third signal indicative of an ambient air humidity, and 
fourth signal indicative of engagement of the clutch are 
provided. 

[0015] The method includes the steps of calculating a refrigerant 
charge value as a function of the first, second, third, and 
fourth signals. The refrigerant charge value is compared 
to a threshold value indicative of a desired amount of re- 
frigerant. A signal indicating that the level of refrigerant is 
acceptable is produced if the refrigerant charge value ex- 
ceeds the threshold value. A signal that the level of refrig- 
erant is not acceptable may be produced if the refrigerant 

charge value does not exceed the threshold value. 
Brief Description of Drawings 

[0016] Figure 1 is a schematic of a vehicle and a system for de- 
termining a level of refrigerant in a vehicle air condition- 
ing system. 

[0017] Figure 2 is another embodiment of the system for deter- 



mining the level of refrigerant. 

[0018] Figure 3 is a flowchart of a method for determining the 

level of refrigerant in the vehicle air conditioning system. 
Detailed Description 

[0019] Referring to Figure 1, a schematic representation of a ve- 
hicle 10 is shown. The vehicle 10 may be of any suitable 
type, such as a car or truck. 

[0020] The vehicle 10 includes an engine compartment 12, a 

passenger compartment 14, and an air conditioning sys- 
tem 16. The air conditioning system 16 is disposed in the 
engine and passenger compartments 12, 14 and is used 
to cool the passenger compartment 14. 

[0021] The air conditioning system 16 includes a refrigerant sub- 
system 18 and an air handling subsystem 20. The refrig- 
erant subsystem 18 transfers heat from the passenger 
compartment 14 to the surrounding environment. More 
specifically, the refrigerant subsystem 18 circulates a re- 
frigerant to provide a cooling effect using refrigeration 
principles known by those skilled in the art. The refriger- 
ant may be of any suitable type, such as R-134a or carbon 
dioxide (C0 2 ). The refrigerant subsystem 18 may have any 
suitable configuration. For example, the refrigerant sub- 
system 18 in Figure 1 includes an evaporator 22 for trans- 



ferring heat to the refrigerant, a condenser 24 for trans- 
ferring heat from the refrigerant to the surrounding envi- 
ronment, a compressor 26, and conduits 28, such as tub- 
ing or hoses, for interconnecting the refrigerant subsys- 
tem components. 
[0022] The compressor 26 circulates and pressurizes the refrig- 
erant. The compressor 26 may be of any suitable type, 
such as piston or scroll type, and may have a fixed or 
variable displacement. The compressor 26 may be driven 
by any suitable means. In one embodiment, the compres- 
sor 26 is driven by internal combustion engine 30. More 
specifically, the compressor 26 may include a clutch 32 
and be connected to the engine 30 by a belt (not shown). 
When the clutch 32 is engaged, the engine 30 drives the 
compressor 26. When the clutch 32 is disengaged, the en- 
gine 30 does not drive the compressor 26. Engagement 
and disengagement of the clutch 32 may be controlled 
with a control module 34, such as a powertrain or engine 
control module. 

[0023] The air handling subsystem 20 circulates air in the pas- 
senger compartment 14. The air handling subsystem 20 
may have any suitable configuration. In the embodiment 
shown in Figure 1, the air handling system 20 includes a 



plenum 40 and a duct 42 disposed in an instrument panel 
44. The instrument panel 44 includes a vent aperture 46 
connected to the duct 42. The vent aperture 46 may have 
a register (not shown) that allows a passenger to direct air 
to various parts of the passenger compartment 14. Op- 
tionally, a portion of the air handling subsystem 20 may 
be disposed in the engine compartment 12. 

[0024] Referring to Figures 1 and 2, embodiments of a system for 
determining the level of refrigerant in the air conditioning 
system will now be described. For clarity, the system will 
be described primarily with reference to embodiment 
shown in Figure 1. In Figure 2, features common with the 
embodiment shown in Figure 1 are designated by the 
same reference number and a prime (') symbol. 

[0025] Referring to Figure 1, the system 50 includes a control 

unit or module 52. The module 52 receives and processes 
input signals from various sensors. These sensors include 
an ambient temperature sensor 54, a humidity sensor 56, 
a vent temperature sensor 58 and a compressor cycling 
sensor 60. The module 52 may include a processing unit, 
such as a microprocessor, to process the input signals 
and assess a level of refrigerant charge as will be de- 
scribed in more detail below. 



[0026] The ambient temperature sensor 54 detects the tempera- 
ture of the air in the environment surrounding the vehicle 
10. The ambient temperature sensor 54 may be of any 
suitable type, such as a thermocouple or thermistor. Simi- 
larly, the humidity sensor 56 detects humidity of the sur- 
rounding ambient air and may have any suitable configu- 
ration. Optionally, the ambient temperature sensor 54 and 
humidity sensor 56 may be combined into a single sensor 
or sensor module. 

[0027] The ambient temperature sensor 54 and humidity sensor 
56 may be disposed in any suitable location. For example, 
in the embodiment shown in Figure 1 the sensors 54, 56 
are disposed on or adjacent to the module 50. Alterna- 
tively, the ambient temperature sensor and/or humidity 
sensor may be disposed on the vehicle. In the embodi- 
ment shown in Figure 2, the ambient temperature sensor 
54' and humidity sensor 56' are shown disposed on the 
vehicle 10' outside the passenger compartment 14'. 

[0028] Optionally, one or more of the sensors may be connected 
to an air conditioning control module that controls the 
operation of the air conditioning system. For example, in 
Figure 2, sensors 54' and 56' are connected to the air 
conditioning control module 70'. For clarity, the connec- 



tions between the control module 70' and sensors 54', 56' 
are denoted by references TEMP and RH, respectively. The 
air conditioning control module 70' may be an electronic 
automatic temperature control (EATC) module that is de- 
signed to control the temperature in one or more zones in 
the passenger compartment. 
[0029] The passenger compartment or vent temperature sensor 
58 detects the temperature of the air cooled by the refrig- 
erant subsystem 18. The vent temperature sensor 58 may 
be of any suitable type, such as a thermocouple, thermis- 
tor, or infrared heat gun. The vent temperature sensor 58 
may be disposed in any suitable location downstream of 
the evaporator 22. In the embodiments shown in Figure 1 
and 2, the vent temperature sensor 58,58' is shown dis- 
posed in the duct 42,42'. Moreover, the vent temperature 
sensor 58,58' may be manually positioned by an operator 
near the vent aperture 46,46' or positioned inside the duct 
42,42'. 

[0030] The compressor cycling sensor 60 detects the operating 
state of the compressor 26. Specifically, the compressor 
cycling sensor 60 detects whether the compressor is on or 
off. The compressor cycling sensor 60' be of any suitable 
type and have any suitable configuration. For instance, the 



compressor cycling sensor 60 may be a voltage sensor 
connected to the clutch 32. In the embodiment shown in 
Figures 1 and 2, the compressor cycling sensor 60,60' 
provides a signal to the module 52,52' via the powertrain 
control module 34,34'. Optionally, the functionality of the 
compressor cycling sensor 60', 60' may be integrated with 
the control module 34,34', in which case the control mod- 
ule 34,34' would provide the signal indicative of the oper- 
ating state of the compressor. 
[0031] The module 52 may include one or more indicators. The 
indicators may be of any suitable type, and may provide 
audible and/or visual feedback. In the embodiment shown 
in Figures 1 and 2, the module 50,50' includes first 62,62' 
and second 64,64' indicators that indicate whether the re- 
frigerant charge is acceptable or unacceptable, respec- 
tively. 

[0032] Referring to Figure 3, a flowchart of a method for assess- 
ing a level of refrigerant in a vehicle air conditioning sys- 
tem is shown. For clarity, the method will be described 
with reference to the embodiment shown in Figure 1. 
However, the method may be used with any embodiment 
of the system. 

[0033] As will be appreciated by one of ordinary skill in the art, 



the flowchart represents control logic which may be im- 
plemented or effected in hardware, software, or combina- 
tion of hardware and software. For example, the various 
functions may be effected by a programmed microproces- 
sor. 

[0034] The control logic may be implemented using any of a 

number of known programming or processing techniques 
or strategies and is not limited to the order or sequence 
illustrated. For instance, interrupt or event-driven pro- 
cessing is typically employed in real-time control applica- 
tions. Such as control of an engine or vehicle subsystem 
rather than a purely sequential strategy as illustrated. 
Likewise, pair processing, multitasking, or multi-threaded 
systems and methods may be used to accomplish the ob- 
jectives, features and advantages of the present invention. 

[0035] This invention is independent of the particular program- 
ming language, operating system processor, or circuitry 
used to develop and/or implement the control logic illus- 
trated. Likewise, depending upon the particular program- 
ming language in processing strategy, various functions 
may be performed in the sequence illustrated at substan- 
tially the same time or in a different sequence while ac- 
complishing the features and advantages of the present 



invention. The illustrated functions may be modified or in 
some cases admitted without departing from the spirit or 
scope of the present invention. 

[0036] | n one embodiment of the present invention, the method 
may be executed by the control module 52. Moreover, the 
method may be enabled or disabled based on the operat- 
ing state of the engine 12 and/or air conditioning system 
16. For example, execution of the method may be dis- 
abled if the engine 12 is not running or if the air condi- 
tioning system 16 is not turned on. 

[0037] At 100, the flowchart begins by obtaining inputs indicative 
of the current operating conditions. The input signals may 
be provided to the module 52 by sensors 54, 56, 58, and 
60. Alternatively, one or more signals may be provided via 
the powertrain control module 34. The ambient air tem- 
perature and ambient air humidity are sampled at least 
once since these signals are unlikely to vary much during 
a short period of time. The vent temperature and com- 
pressor cycles are sampled more than once since these 
signals are likely to change over time. Sampling of one or 
more of these signals may continue for a predetermined 
period of time, a minimum period of time, or until a signal 
having a predetermined characteristic is received. For ex- 



ample, sampling may continue for a predetermined 
(minimum) number of compressor cycles. 
[0038] At 102, the minimum vent temperature value detected by 
the vent temperature sensor 46 during the sampling pe- 
riod is determined. In addition, the number of compressor 
cycles (e.g., the number of times the compressor clutch is 
engaged or disengaged) during the sampling period is 
counted. 

[0039] At 104, the input signals are used to calculate a estimated 
refrigerant charge level. The refrigerant charge level is an 
estimate of the amount of refrigerant in the air condition- 
ing system. The estimated refrigerant charge level may be 
normalized or converted into a percentage value related 
to a "full" refrigerant charge. The refrigerant charge level 
may by calculated with the following equation: 

[0040] Charge Level = Al + A2*(F1) + A3*(F2) + A4*(F3) + 
A5*(F4) + A6*(F5) + A7*(F6) + A8*(F7) + A9*(F8) + 
A10*(F9) + A11*(F10) + A12*(F11) + A13*(F12) where: 

[OO 41 ] Fl = larger numeric value of either 0 or (CYCLE COUNT - 
A14) where CYCLE COUNT is the number of times the 
compressor cycles between the engaged and disengaged 
states; 

[0042] F2 = larger numeric value 0 or (A15 - CYCLE COUNT); 



[0043] F3 = larger numeric value of 0 or (VENT TEMPERATURE - 
A16) where VENT TEMPERATURE is the temperature of the 
air provided by the air handling subsystem to the passen- 
ger compartment; 

[0044] F4 = | ar g er numeric value of 0 or (A17 - VENT TEMPERA- 
TURE); 

[0045] F5 = larger numeric value of either 0 or (CYCLE COUNT - 
A18); 

[0046] F6 = larger numeric value of either 0 or (HUMIDITY - A19) 
where HUMIDITY is the ambient air humidity, 

[0047] F7 = larger numeric value of either 0 or (A20 - HUMID- 
ITY); 

[0048] F8 = larger numeric value of either 0 or (TEMPERATURE - 
A21) where TEMPERATURE is the ambient air temperature; 

[0049] F9 = larger numeric value of either 0 or (A22 - TEMPERA- 
TURE); 

[0050] F10 = larger numeric value of either 0 or (HUMIDITY - 
A23); 

[0051] Fll = larger numeric value of either 0 or (HUMIDITY - 
A24); 

[0052] F12 = larger numeric value of either 0 or (TIME - A25) 
where TIME is the duration that the compressor is en- 
gaged; and 



[0053] Al through A25 are constants. 

[0054] The values of coefficients Al through A25 may be based 
on assessments of vehicle air conditioning system perfor- 
mance. For example, computer modeling or empirical data 
of vehicle air conditioning system performance may be 
analyzed using various statistical techniques, such as 
multi-attribute regression splines (MARS) or other statisti- 
cal or data analysis techniques. These data analysis tech- 
niques may result in different coefficient values and/or a 
different number of equation terms for different air con- 
ditioning systems. For example, following equation was 
derived for determining the refrigerant charge level on a 
2003 model year Ford Taurus sedan: 

[0055] charge Level = 53.022 - 4.034*F1 + 13.095*F2- 
0.671*F3 + 3.109*F4 + 19.556*F5 + 8.375*F6 + 
0.326*F7 - 0.798*F8 + 0.249*F9 -11.370*F10 + 
3.452*F11 + 0.205*F12 

[0056] At 106, the calculated refrigerant charge level is compared 
to at a predetermined limit or threshold value to deter- 
mine if the refrigerant charge is acceptable. If the refrig- 
erant charge level is greater than the threshold value, the 
method continues at block 108 where an "accept" signal is 
provided. If the refrigerant charge level is less than the 



predetermined value, then the method continues at block 
110 where a reject signal is provided. The accept or reject 
signals may be used to control one or more indicators as 
previously described. 
[0057] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



